The objective of this study was to investigate the autoaggregation, coaggregation and biofilm formation of four bacteria namely Sphingobium, Xenophilus, Methylobacterium and Rhodococcus isolated from drinking water. Auto and coaggregation studies were performed by both qualitative (DAPI staining) and semi-quantitative (visual coaggregation) methods and biofilms produced by either pure or dual-cultures were quantified by crystal violet method. Results from the semi-quantitative visual aggregation method did not show any immediate auto or coaggregation, which was confirmed by the 4 0 ,6 diamidino-2-phenylindole (DAPI) staining method. However, after 2 hours,
INTRODUCTION
Biofilms formed on internal pipe surfaces within drinking water distribution systems (DWDS), can have a negative effect on the water quality (Lechevallier et al. ) by increasing microbial load due to sloughing off and transport ( Jefferson ) . Biofilms can also cause various water quality problems within DWDS such as obnoxious taste and odour, increased turbidity, reduced water pressure and flow, microbiologically influenced corrosion and release of pathogenic bacteria, which is a major public health concern (Berry et al. ) . Biofilms can also act as a hiding place for potential pathogens such as Helicobacter pylori, Escherichia coli and Legionella pneumophila, which cause various illnesses and diseases to human beings (Szewzyk et Aggregation is one of the essential steps towards biofilm formation and it depends on a range of interactions such as synergistic, antagonistic, mutualistic, competitive, and commensalism interactions (Simoes et al. b) . Coaggregation is a highly specific interaction which was first reported in human oral bacterial communities (Gibbons & Nygaard  hours and the harvested cells were fixed in 50% ethanol and 100 μL of cultures were vacuum filtered on membrane filters, stained with DAPI and observed under an epifluorescence microscope equipped with CellB imaging system (Olympus UK Ltd, Watford) and the images were captured at a xy resolution of 1,360 × 1,024 pixels.
Biofilm assay
Single (A, B, C and D) and dual species biofilm formation by the four isolates were studied at different combinations (A þ B, 
RESULTS

Visual aggregation assay
The results of visual aggregation assay of auto and coaggregation studies showed no visible flocs formed for the four pure cultures (Sphingobium (A), Xenophilus (B), Methylobacterium (C) and Rhodococcus (D)) and for the six found in the present study, has been rarely reported in drinking water and source waters (Hoefel et al. ) . This study therefore provided an opportunity to explore biofilm and aggregate forming abilities of both common drinking water bacteria and bacteria that are unique to domestic drinking water.
Coaggregation of bacterial isolates
The auto and coaggregation of bacterial isolates were studied to identify the existence of any potential species specific interactions. The result of the visual aggregation assay showed that the isolates did not form any flocs after mixing for up to 30 seconds. It has been reported previously that some bacteria need the presence of other bacteria to form flocs via a process of coaggregation (Simoes et al. b) . This may be due to the production of secondary metabolites by other organisms to form coaggregates (Wimpenny & Colasanti ). In our case however, no visible flocs were formed after mixing for 30 seconds when the isolates were combined to study coaggregation. Xenophilus. This suggests that there is some level of interaction which is not qualified using the scoring system described by Cisar et al. () . This is further evidenced by the qualitative measure of autoaggregation using the DAPI staining and microscopy ( Figure 1 ). In this case, autoaggregation of the three bacteria (Sphingobium, Methylobacterium 
CONCLUSIONS
The formation of biofilm and aggregates in DWDS can have a negative impact on the microbiological quality of the drinking water. In this study a visual aggregation assay and a DAPI staining method in combination with microscopy were used to study the ability of the common and unique bacterial isolated from domestic drinking water to form biofilms and aggregates as a pure culture and in combinations.
The overall study reveals that the bacterium Methylobacterium sp. form autoaggregates and influenced the formation of coaggregates and multispecies biofilms by interacting with other bacteria including the non-aggregate forming (or non-flocculating) bacterium Xenophilus. This interesting finding therefore highlights the role of specific bridging bacteria within water distribution systems and new knowledge that may assist in developing strategies for biofilm control by focussing on controlling the bridging bacteria.
